A diet-patterns approach has often been used to describe eating patterns in adults but has rarely been used in adolescents.
Introduction
Over the past few decades, the diet quality of adolescents has declined with increased energy intake from fast food, soft drinks, and salty snacks, and decreased fruit and vegetable intake (1) (2) (3) . These trends are of concern given that the prevalence of obesity in adolescents has risen dramatically in the United States within the past 3 decades (4). Although dietary factors have been implicated in the development of obesity, this relationship is complex and poorly understood (5) . In response to the inconsistent results found thus far with traditional methods of examining single foods or nutrients, dietary pattern analysis has been suggested for further research in nutritional epidemiology, as this approach may provide further insight into this complex relationship (6) .
Dietary patterns can be defined as the distribution of foods by frequency and/or amount in the habitual diet (7) . Statistical methods such as factor or cluster analysis can be used to derive empirical dietary patterns (8) . The dietary pattern approach has intuitive appeal because the human diet does not consist of a single nutrient or food but instead represents a complex set of highly correlated exposures (9, 10) . Results from studies using dietary patterns analysis may also be more useful for public health initiatives, because describing an overall healthy dietary pattern can be more effective than focusing on single foods or nutrients. Success in intervention trials using a dietary pattern approach to prevent and treat hypertension and reduce cancer risk support this idea (11) (12) (13) .
Numerous studies have examined the dietary intake of adolescents, with most examining intake in terms of nutrients, energy intake, specific foods, or food groups. Although dietary patterns analysis has emerged as a popular alternative to traditional methods used in nutritional epidemiology, most studies have focused on adult populations. In addition, little information on the stability of dietary patterns in adolescents is available. To our knowledge, only 2 previous studies have examined dietary patterns in adolescents in the United States (14, 15) . One examined dietary patterns in urban, low-income adolescents (14) and the other examined dietary patterns in females only (15) . We identified 7 other studies that have used dietary patterns analysis in adolescent populations in other countries (16) (17) (18) (19) (20) (21) (22) , although 4 of these studies combined adoles-cent data with child data in their analysis (16) (17) (18) 20) . The dietary pattern approach has been used successfully in adult populations to investigate predictors and health outcomes associated with dietary patterns, and additional research in adolescent populations using these methods is warranted (8) .
The primary aim of this study was to use principal components factor analysis to describe the dietary patterns of early and middle adolescents. In addition, the 5-y longitudinal design of our study allowed us to examine changes in dietary patterns as the participants transitioned from early to middle adolescence and from middle to late adolescence. Age-matched secular trends among middle adolescents over the 5-y period were also examined. Finally, the dietary quality of adolescents with the lowest scores on each dietary pattern was compared with those with the highest scores, specifically with regards to the Healthy People 2010 objectives.
Materials and Methods
Study design and population. Project EAT is an observational longitudinal study of the socioenvironmental, personal, and behavioral determinants of dietary intake and weight status among a large and ethnically diverse adolescent population. In Project EAT-I (Time 1), 4746 middle school (younger cohort) and high school (older cohort) students in 31 Minnesota schools completed in-class surveys and anthropometric measures during the 1998-1999 academic year. Project EAT-II (Time 2) aimed to resurvey all original participants 5 y later (2003) (2004) , as the younger cohort progressed from early adolescence (middle school) to middle adolescence (high school) and the older cohort progressed from middle adolescence (high school) to late adolescence (post high school). At Time 2, 2516 participants completed surveys, representing 69% of those who could be contacted, and 53% of the original cohort. Time 2 participants were more likely to be female, in the older age group, white, in the upper socioeconomic (SES) categories, and in the ''normal weight'' category. At both time points, approximately one-half of the sample was female, two-thirds of the sample were in the older age group, and approximately two-thirds was classified in the normal weight category. Study characteristics of the Project EAT cohort are presented ( Table 1 ). The University of Minnesota's Institutional Review Board Human Subjects Committee approved all study protocols.
Measure. Dietary intake was assessed at Time 1 and Time 2 using the Youth Adolescent Questionnaire (YAQ), a semiquantitative FFQ based on the Nurses' Health Study Questionnaire. The validity and reproducibility of the YAQ has been examined in children and adolescents ages 9-18 y and has been found to be within acceptable ranges for dietary assessment tools (27, 28) . Some studies have suggested that there may be higher levels of measurement error in low SES, minority populations (29, 30) . Before using the YAQ for Project EAT, the questionnaire was pretested among a low-income, ethnically diverse middle school population and was found to be acceptable for comprehension (31) . Although not free from measurement error, the YAQ offers the most suitable mechanism for examining dietary intake in a large and diverse population of adolescents.
Statistical analysis. We identified dietary patterns separately both by cohort (older/younger) and gender (boys/girls) using principal components factor analysis based on dietary data from responses to the YAQ at Time 1. Participants reporting usual energy intakes . 7000 kcal/d (29 MJ/d) or ,400 kcal/d (17 MJ/d) were excluded from the analysis, because these values are considered to be biologically implausible as usual intake.
The YAQ provided frequency of consumption information on 152 separate line items and we chose not to further group these items to reduce the number of subjective decisions made in determining the dietary patterns. Using an energy density approach, we divided each individual's daily frequency of consumption for each of the 152 line items by his or her total daily energy consumption to adjust for energy.
We then standardized the energy-adjusted frequency values to a mean of 0 and SD of 1.0. Each of the standardized, energy-adjusted, frequency variables entered the principal components factor analysis (using PROC FACTOR in SAS statistical software, version 8.2). The factors were orthogonally rotated using the varimax procedure to facilitate interpretation. Four factors were retained for each age and gender subgroup based on Eigenvalues .1, an inspection of where the Scree plot began to flatten out, and interpretability. For every subject, we calculated factor scores for each of the retained factors within relevant subgroups by summing frequency of consumption multiplied by factor loadings across all food items. We also repeated this analysis for each age and gender subgroup by Time 2 participation status to examine differences in identified patterns at Time 1 in participants and nonparticipants.
Principal components factor analysis was repeated on the YAQ data from Time 2 to examine longitudinal trends in dietary patterns over the 5-y period. To examine the age-matched secular trends in dietary patterns over the 5-y period, we compared the dietary patterns for boys and girls in the older cohort at Time 1 (middle adolescence) to the dietary patterns for boys and girls in the younger cohort at Time 2 (middle adolescence). To examine the dietary profile of adolescents at Time 1 with the highest versus the lowest factor scores for each dietary pattern, we first divided the scores for each pattern into quintiles. For each dietary pattern, we then calculated the percentage of adolescents in quintile 1 (lowest factor scores) and quintile 5 (highest factor scores) who met the Healthy People 2010 objectives for fruit, vegetable, grain, fat, and calcium intake (32). 4 Weight status classified using sex-and age-specific cutoff points based on reference data from the CDC growth chart tables (23) (24) (25) . 5 Prime determinant of SES was parental education level (higher level of either parent).
An algorithm was developed that also took into account family eligibility for public assistance, eligibility for free or reduced-cost school meals, and employment status of mother or father (26) .
Results
Time 1 dietary patterns. The foods with the highest factor loadings for each of the 4 factors retained at Time 1 and Time 2 are presented (Supplemental Tables 1-4) for the older boys, older girls, younger boys, and younger girls, respectively. Factor loadings for the foods can be interpreted the same way as correlation coefficients, with the most positive values contributing the most to a factor score (33) . Principal components factor analysis methods identified an analogous set of 4 patterns at Time 1 across each of the 4 age and gender subgroups in the Project EAT sample. We labeled these factors the vegetable pattern, fruit pattern, sweet/salty snack food pattern, and starchy food pattern after examining the foods that loaded highly on each factor. Foods that loaded highly on the vegetable pattern for each subgroup included zucchini, squash, and eggplant, kale and greens, spinach, and peas and lima beans. The foods loading heavily on the fruit pattern for each subgroup included oranges and grapefruit, apples and apple sauce, pears, grapes, bananas, strawberries, cantaloupe and melons, peaches, and plums and apricots. Foods that loaded highly on the sweet/salty snack food pattern for each subgroup included chocolate bars, other candy bars, candy with chocolate, brownies, cake, potato chips, and nachos. We observed the greatest variation across the 4 age and gender subgroups for foods that loaded heavily on the starchy food pattern with English muffins/bagels, grilled cheese, pancakes, and crackers loading highly for 3 subgroups, and mashed potatoes, lasagna, pretzels, macaroni and cheese, and spaghetti with sauce loading highly for 2 subgroups.
Time 2 dietary patterns: longitudinal trends. When the dietary patterns were examined by age and gender again 5 y later at Time 2, 1 new dietary pattern was identified and some interesting differences were found between subgroups. The identical 4 dietary patterns found at Time 1 were no longer found for each age and gender subgroup at Time 2, although the patterns still remained fairly similar between subgroups. The younger girls were the only group that maintained the same 4 dietary patterns 5 y later (vegetable, fruit, sweet/salty snack food, and starchy food). The sweet/salty snack food pattern was still identified in each age and gender subgroup. We identified the same separate fruit and vegetable patterns in the younger girls and boys at Time 2 as identified at Time 1, but for the older boys and girls, the 2 separate patterns combined to create 1 fruits and vegetables pattern. We also identified a similar starchy food pattern, but this pattern was only found in the younger and older girls.
A new dietary pattern we called fast food, characterized by foods one would likely eat at a fast food restaurant, such as hamburgers, French fries, fried food, and nondiet soda, was identified in the younger boys and in the older boys and girls. When we examined Time 1 dietary patterns by Time 2 participation, the younger boys who participated in Time 2 already had a similar fast food pattern at Time 1 in place of the starchy food pattern seen in all other groups. In contrast, we did not identify any type of fast food pattern at Time 1 in any other subgroup. Thus, whereas the fast food pattern seems to be a new pattern emerging at Time 2 for the older boys and girls, it may already be present in a subgroup of the younger boys.
Time 1 and Time 2 dietary patterns: age-matched secular trends. Age-matched secular trends in dietary patterns were also examined over a 5-y period (1999-2004) for middle adolescents. We compared the dietary patterns identified in the middle adolescents at Time 1 (older cohort) to the dietary patterns identified in the middle adolescents at Time 2 (younger cohort). The dietary patterns for boys were relatively similar, except for the fast food factor that emerged in the middle adolescent boys at Time 2. As stated above, this pattern is likely not new but a result of baseline differences for the younger boys. For the girls, the identified dietary patterns for the middle adolescent girls at Time 2 were nearly identical to those identified for the middle adolescent girls at Time 1. Thus, the dietary patterns among middle adolescents remained relatively stable and unchanging over the time span of this study.
Healthy People 2010 objectives. The percentage of adolescents meeting the Healthy People 2010 objectives for intake of fruits, vegetables, grains, fat, and calcium by highest versus the lowest quintile of factor score are shown for each of the 4 dietary patterns identified at Time 1 ( Table 2) . A high factor score for a specific dietary pattern indicates that the adolescent consumed many foods that had high factor loadings for that dietary pattern. It specifically indicates how similar their diet is to that pattern. High scorers for the fruit pattern did the best at meeting the objectives for overall fat and saturated fat intake, whereas high scorers for the sweet/salty snack food pattern did the worst. As expected, high scorers for the vegetable and fruit pattern did the best at meeting objectives for vegetable and fruit intake, respectively. High scorers in the starchy food pattern did the best meeting the objective for calcium and high scorers in the starchy food and vegetable patterns did the best at meeting the objectives for grain intake.
Discussion
Using principal components factor analysis, we identified 4 unique dietary patterns in the Project EAT adolescent population that differ from those typically seen in adult populations. These same 4 dietary patterns were found in boys and girls in early and middle adolescence and were relatively stable longitudinally over a 5-y time period. In addition, when examining agematched secular trends in middle adolescents at Time 1 and Time 2, we identified almost identical dietary patterns 5 y apart. An interesting finding was the identification of a fast food dietary pattern in older boys and girls at Time 2. A possible explanation is that as middle adolescents age into late adolescence, they have more autonomy and they may choose to eat more fast foods due to taste preference or limited experience cooking for themselves.
In studies using principal components factor analysis to study dietary patterns in adult populations, it is almost always the case that 2 patterns, a red meat and starches pattern and a fruits and vegetables pattern, dominate. In the Project EAT sample, elements of these patterns separated into 3 distinct patterns, along with a unique sweet/salty snack food pattern. We cannot say whether the unique patterns we identified in early and middle adolescence, and to a lesser degree in late adolescence, reflect a fundamental difference in how this generation eats compared with earlier generations, whether these unique dietary habits will persist in this cohort as it matures, or whether they are simply a reflection of how adolescents eat before they ultimately transition into more usual adult dietary patterns. The late adolescents examined in this study may have been too young to have exhibited the complete transition to more mature dietary patterns, but it is possible they were on the cusp of this transition, as evidenced by the merging of the separate fruits and vegetables patterns at Time 2. Describing the dynamics of this transition, and determining if in fact it is even real, will be an interesting area of research as this cohort continues to be followed further into young adulthood.
After examining the percentage of adolescents in the highest quintile of factor scores for each dietary pattern meeting the Healthy People 2010 objectives for intake of fruits, vegetables, grains, fat, and calcium intake, it is clear that the identified dietary patterns do in fact have implications for overall nutritional wellbeing. Adolescents who scored high on the vegetable, fruit, and starchy food patterns, and thus ate numerous foods with high factor loadings for these patterns, did the best job at meeting the objectives, whereas those in the highest quintile of factor score for the sweet/salty snack food pattern did the worst, especially in regards to fat intake. These results show that the identified dietary patterns reflect intake of important nutrients and food groups, underscoring the value of this method to summarize dietary data. Although numerous studies have used the dietary-patterns approach in adult populations, to our knowledge only 2 other studies have used this approach in adolescent populations in the United States, and they examined dietary patterns in females only or in low-income adolescents (14, 15) . In a recent study, Ritchie et al. (15) used cluster analysis to identify 4 discrete dietary patterns from dietary data collected over 10 y in adolescent females by racial subgroup. Similar to our results, they identified a fast food pattern, although only in the white females, and a sweets and snack-type pattern in white females and a snack-type pattern in black females, comparable to our sweet/salty snack food pattern (15) . In another study, Li et al. (14) used principal components factor analysis to identify dietary patterns in a cohort of low-income African-American adolescents at baseline and again 1 y later. They identified the same 3 dietary patterns at both time points (Western, Eastern, and dairy) (14) . Similar to our study, Li et al. (14) used the YAQ to assess dietary intake, although they combined all food items into 13 broad food groups. Ritchie et al. (15) combined their food items into 40 food groups and we kept all food items separate. This may in part explain why the patterns identified by Li et al. (14) were so different from those identified in our study, and by Ritchie et al. (15) .
Strengths of this study include a large ethnically and socioeconomically diverse population with data over 2 time points that allowed us to examine longitudinal and secular changes over a 5-y period. Several limitations of this study must be considered. Although the Project EAT study population included adolescents from multiple ethnic and socioeconomic groups, it may not be representative of all adolescents. The 4 age and gender subgroups were also not identical with regards to ethnicity, SES, and weight status. Although not identical, the same dietary patterns were still found in each group, indicating that the patterns were not confounded by these factors and suggesting that the dietary patterns identified in the Project EAT population may be a fair representation of dietary patterns in this age group. Finally, a FFQ was used to assess usual diet, and as with any study using a FFQ, underreporting of usual intake or invalid reporting due to social desirability bias is possible.
In conclusion, this is the first study, to our knowledge, to use the dietary-patterns approach to examine dietary intake in a racially and socioeconomically diverse population of adolescent males and females in the United States. We identified unique dietary patterns in the Project EAT population and similar patterns were found in the same population 5 y later. Dietary patterns analysis in adolescents can provide important information on dietary intake in this population, and recommendations developed from this approach are often clearer and easier to follow. More longitudinal research will provide further insight into the dynamics of changing dietary patterns as young people transition from adolescence to adulthood. Important areas for future research include examining the predictors of dietary patterns, and cross-sectionally and prospectively examining the relationship between dietary patterns and obesity.
Literature Cited
